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list of high-priority caves that are recommended for inventory and monitoring prior
to the arrival of white-nose syndrome to
the region.

Introduction:
Winter ecology of bats in the American
Southwest is largely under-studied. In Arizona
16 bat species are believed to overwinter, however hibernacula information exists for only 10
sites in the state, of which seven are located in
northern Arizona. Grand Canyon National Park
(GRCA) contains more than 375 caves and
hosts 22 species of bats, nine of which are species of conservation concern. Currently little
information exists regarding caves in Grand
Canyon, including cave climatic conditions and
winter use by bats. With the westward advance
of white-nose syndrome, it is increasingly important that land managers and conservation
biologists in the Southwest identify and monitor
bat hibernacula. Beginning to answer the fundamental questions associated with winter activity of bats in the Southwest is a crucial first
step in managing the onset of white-nose syndrome, which is predicted to arrive by 2021.
White-nose syndrome has affected several
species of bats throughout North America, including the big-brown bat (Eptesicus fuscus), a
bat native to Grand Canyon, as well as several
species of Myotis which have closely related
species that are found within the park. Due to
the remote nature of caves within GRCA, it is a
challenge to access all caves in the park, let
alone identify the most likely caves for winter
bat use. Here we present methods used to model
temperature ranges throughout GRCA using
physical properties of the landscape including
vegetation cover, slope, and elevation. By modeling these variables, cave locations which best
fit known bat hibernation temperatures and ideal Pseudogymnoascus destructans (P.d.) growth
temperatures were identified, thus providing a

Methodology
A cave temperature model was created to assist with prioritization. Since insufficient data is available from caves within
GRCA, data from 12 caves in Sequoia and
Kings Canyon National Park (SEKI) was
used to create a series of regression models to determine the relationship between
average annual cave temperature and a series of environmental variables. Initially,
five variables were included in the full regression model: number of entrances, average entrance elevation, average entrance
slope, average entrance aspect, and vegetation cover at the entrance. Number of entrances was determined from cave inventories; slope, aspect, and elevation were calculated using the 10-meter DEM of the
area using ArcGIS 10.2; and vegetation
data was reclassified from existing vegetation maps into three categories with assigned quantitative values: (1) shrub/
grassland, (2) open canopy, and (3) closed
canopy. A step-wise removal of variables
was then conducted, removing the least
significant variable and re-running the regression model. Akaike’s Information Criterion adjusted for sample size (AICc) was
then run on all models to determine the
best fit model (Table 1). The model using
elevation, slope, and vegetation classes
was shown to be the best fit model, 1.8
times more likely than the second best fit
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Model

AICc

Akaike wt

r2

p

ent+elev+slope+aspect+veg

72.7207

0.0567 0.8078 0.0067

elev+slope+aspect+veg

69.7850

0.2461 0.8282 0.0018

elev+slope+veg

68.5354

0.4597 0.8238 0.0006

elev+veg

70.5422

0.1685 0.7643 0.0006

elev

72.3315

0.0689 0.6922 0.0005

Table 1: Results of AIC model selection showing sample-size corrected AIC value (AICc), relative likelihood of each model (Akaike wt), the coefficient of determination (r2) of each model, and the significance level (p) of each model. The

model. This model was found to account for
82% of the variability in average cave temperature.
The model equation was then input into
the raster calculator to model cave temperature
in Grand Canyon:
Temperature = [67.077 – (0.0027 x Elevation Raster) + (0.0848 x Slope Raster Value) –
(3.616 x Vegetation Raster Value)]
The result of this model showed a predicted cave temperature throughout the park. These
results were then spot checked using the two
available temperature records in GRCA caves,
resulting in an error of less than 0.5 °C at both
caves. Cave locations were overlayed onto the
created temperature raster and temperature values were extracted for each cave location.
Caves with temperatures matching the ideal
growth range of P.d. (12.5 – 15.8°C) were
identified. A literature review was conducted to
explore the range of hibernacula temperature
for the 16 species of bats that could be potentially hibernating in caves in Grand Canyon.
To find caves where both P. destructans and
hibernating bats were most likely to overlap,
the temperature range at which these two layers
intersected was selected. Additionally, caves
were selected whose predicted temperatures
were below the ideal growth range of P.d. to
increase the likelihood of finding hibernacula.

Results:
The resulting raster dataset provided
values for temperatures across our study area and ranged from approximately 8.5 – 17°
C; temperatures were subsequently predicted for 364 caves throughout the park
(Figure 1). The literature review of the hibernation temperatures resulted in a range
from -10 to 21°C. The majority of literature
revealed that bats do not commonly hibernate at temperature above 10°C. Seven
caves were identified within both the ideal
temperature range for P.d and within the bat
hibernation temperature range of 10-14°C;
three caves were below the ideal temperature range of P.d and ≤ the 10°C hibernation
temperature (Figure 1). All ten caves are
labeled as priority for inventory and monitoring by park managers.

Discussion:
The westward spread of white-nose
syndrome across North America has
prompted the proactive study of bat hibernacula in areas of potential outbreak locations. These include the countless cave systems of Grand Canyon National Park. High
species richness, high visitor traffic, and the
complex canyon environment, provide the
perfect opportunity for the potential occurrence and spread of P.d and white-nose syndrome, leading to the possible future decline
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Figure 1: Modeled temperature (°C) map of Grand Canyon National Park, Arizona. Cave location and
associated temperatures (n=364), Pseudogymnoascus destructans ideal caves (n=211), and priority caves
for survey (n=10) are shown.

in the park’s bat populations. The temperature
model developed in this study predicted cave
temperatures and will provide park natural resource managers a prioritized starting point for
surveying the 375+ caves currently recognized
in Grand Canyon. Beginning in the winter of
2015, Grand Canyon Physical Science and
Wildlife staff will collaboratively survey these
high-priority caves which will involve: monitoring cave temperature and relative humidity;
conducting hibernacula surveys; and setting up
passive acoustic monitoring stations at six iden-

tified hibernacula to monitor winter bat activity. The data collected will help inform and
improve our current cave temperature model
and will begin to expand the knowledge of
winter ecology of bats in the Southwest in the
absence of white-nose syndrome. Furthermore, continued monitoring of these sites
will assist park managers in identifying potential outbreak locations and hibernaculum
sites, ultimately leading to the conservation
and protection of bats in Grand Canyon National Park.
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